Materials.
Unless otherwise stated, all commercial reagents were used as received. Anhydrous tetrahydrofuran (THF) were dried by passage through an activated alumina column and a Q-5 column (Nikko Hansen Co., Ltd.). Non-substituted sumanene S1 (1 H ) and hexabromosumanene S2 (1 Br ) were prepared according to the previously reported procedures.
General.
Recycling preparative size-exclusion chromatography (SEC) was performed using JAIGEL 2H and 2.5H columns on a JAI model LC-9201 recycling HPLC system equipped with a JASCO model MD-2010 Plus variable-wavelength UV-Vis detector with CHCl 3 as an eluent. Recycling preparative high-performance liquid chromatography (HPLC) was performed using a KANTO Mightysil Si60 column on a JAI model LC-9201 recycling HPLC system equipped with a JASCO model MD-2010 Plus variable-wavelength UV-Vis detector. NMR spectroscopy measurements were carried out at 25 °C on a Bruker model AVANCE-500 spectrometer ( µmol) was added to a dry 1,3-dimethyl-2-imidazolidinone (DMI) suspension (3.0 mL) of sodium thiomethoxide (86 mg, 1.2 mmol). The resulting mixture was stirred at 100 °C for 3 h and then allowed to cool to 25 °C. After the addition of CH 3 I (0.05 mL), the reaction mixture was stirred at 25 °C for an additional 1 h. The reaction mixture was poured into brine and extracted with CH 2 Cl 2 . The organic layer separated was washed with water, dried over anhydrous Na 2 SO 4 , and evaporated to dryness under reduced pressure. The residue, after being washed with MeOH, was subjected to preparative HPLC (Kanto Mightysil column, hexane/CH 2 Cl 2 = 2/1 in vol/vol) to allow the isolation of 1 C1 (13 mg, 24 µmol) as a pale yellow solid in 35% yield: FT-IR (ATR): ν (cm -1 ) 2976, 2912, 2820, 1628, 1536, 1430, 1387, 1337, 1302, 1231, 1188, 1124, 1011, 961, 904, 826, 727, 691, 634 2855, 1621, 1536, 1461, 1377, 1335, 1258, 1207, 1231, 1183, 1120, 1048, 1008, 904, 805, 726, 640, 588 2954, 2924, 2849, 1731, 1625, 1535, 1467, 1428, 1331, 1285, 1256, 1180, 1127, 1006, 907, 802, 719, 643 . 6, 146.6, 134.3, 44.1, 36.3, 31.9, 29.8, 29.7, 29.7, 29.4, 29.4, 29.0, 22.7, 14 2962, 2924, 2864, 1618, 1535, 1459, 1376, 1331, 1285, 1217, 1180, 1112, 1006, 900, 824, 764, 719, 635 6, 146.6, 135.0, 44.2, 40.8, 39.7, 32.5, 32.2, 29.0, 28.8, 25.7, 25.4, 23.0, 14.1, 11.1, 10.8 
Synchrotron Radiation X-ray Diffraction Experiments.
Variable-temperature powder X-ray diffraction (XRD) patterns of the bulk samples of 1 C6 , 1 C12 , and 1 EH were obtained using the BL45XU beamline at SPring-8 (Hyogo, Japan) equipped with an R-AXIS IV++ (Rigaku) imaging plate area detector or with a Pilatus3X 2M (Dectris) detector. The scattering vector, q = 4πsinθ/λ, and the position of incident X-ray beam on the detector were calibrated using several orders of layer reflections from silver behenate (d = 58.380 Å), where 2θ and λ refer to the scattering angle and wavelength of the X-ray beam (1.0 Å), respectively. The sample-to-detector distances for powder XRD and GI-XRD measurements were 0.50 and 0.44 m, respectively. The obtained diffraction images were integrated along the Debye-Scherrer ring to afford one-dimensional (1D) intensity data using the FIT2D software.
S3
The lattice parameters were refined using the CellCalc ver. 2.10 software.
S4
5. Single-crystal X-ray Diffraction Analysis. Single crystals of 1 C1 (pale yellow needles) and 1 C1 •(C 60 ) 1.5 (black blocks) were obtained from CH 2 Cl 2 /hexane and toluene, respectively.
For 1 C1 , a single crystal was coated with oil base cryoprotectant (Parabar 10312, Hampton Research Corp.) and mounted on a MicroLoops TM . Diffraction data were collected at 93 K under a cold nitrogen gas stream on a Rigaku XtaLAB Pro MM007HF X-ray diffractometer system, using multi-layer mirror monochromated Cu-Kα radiation (λ = 1.54187 Å). Intensity data were collected by an ω-scan with 0.5° oscillations for each frame. Bragg spots were integrated, corrected, and scaled using the CrysAlis Pro program package.
S5
Structures were solved by direct methods (SHELXT Version 2014/4) S6 and refined by full-matrix least squares (SHELXL Version 2016/6).
S7
Anisotropic temperature factors were applied to all non-hydrogen atoms. Hydrogen atoms were placed at calculated positions and refined applying riding models.
For 1 C1 •(C 60 ) 1.5 , a single crystal was coated with immersion oil (type B: Code 1248, Cargille Laboratories, Inc.) and mounted on a micromount. Diffraction data were collected at 90 K under a cold nitrogen gas stream on a Bruker APEX2 platform-CCD X-ray diffractometer system, using graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). Intensity data were collected by an ω-scan with 0.5° oscillations for each frame. Bragg spots were integrated using the ApexII program package, S8 and the empirical absorption correction (multi-scan) was applied using the SADABS program. 6. Theoretical Calculations. Density functional theory (DFT) calculations were performed using Gaussian 09 program package.
S10
Geometry optimizations of 1 C1 and 1 H (singlet states in vacuum) were performed using the w97BD functional with a basis set of 6-311G++(d,p). Cartesian coordinates and energies of the computed structures are listed in Tables S1 and S2. 7. Dielectric Measurements. The temperature-dependent dielectric constants of 1 C6 and 1 C12 were measured using a two-probe AC impedance method at frequencies from 1 kHz to 1 MHz (Hewlett-Packard, HP4194A), where temperature was controlled by a Linkam model LTS-E350 temperature control system. Sumanenes 1 C6 and 1 C12 were placed in a liquid crystal cell (KSSZ-05/A111P6NSS05 from E. H. C Co., Ltd.) having indium tin oxide electrodes (1 cm 2 in area) with a gap of 5 µm. The LC samples were annealed at 473 K under vacuum while applying a DC voltage of 5 V.
S6
8. Supporting Tables. Table S1 . Figure S1 . Variable-temperature 1 H NMR spectra (400 MHz) of 1 C1 in toluene-d 8 .
S10 Figure S2 . Powder XRD patterns and their peak assignments of a bulk sample of 1 C6 at 25 °C on (a) cooling and (b) heating in a glass capillary (1.5 mm-φ). . At every frequency, a subtle dielectric anomaly is observed around the crystal-to-Col h phase transition temperature (at 343 K based on DSC), and the ε 1 values of the crystal phase (T < 340 K) are almost constant (~3) without frequency dependence. The ε 1 value gradually increased as the temperature increased above 360 K at the frequencies below 100 KHz. The dielectric peak observed around 395 K is associated with the phase transition from the Col h phase to isotropic liquid. The absence of a dielectric peak at the frequency of 1 MHz means that the molecular motion of 1 C12 is slower than 100 kHz in the LC mesophase. Regardless of frequencies (< 100 kHz), a significant increase in the dielectric constant was observed upon heating up to ~430 K, indicating an antiferroelectric arrangement in the Col h phase as schematically illustrated in (e). (b) Temperature-and frequency-dependency of an imaginary part of dielectric constants (ε 2 ) of 1 C12 . As in the case of ε 1 , the ε 2 value gradually increased as the temperature increased above 360 K at the frequencies below 100 KHz. The dielectric peak observed around 395 K is associated with the phase transition from the Col h phase to isotropic liquid. At 10 kHz, a relatively large ε 2 value (~24) observed at 410 K is likely due to the occurrence of electrical conduction in the Col h phase. (c and d) Temperature-and frequency-dependency of real (ε 1 ) and imaginary (ε 2 ) parts of dielectric constants for 1 C6 , respectively. Although the dielectric responses are similar to those observed for 1 C12 , the dielectric peak associated with the Col h -to-isotropic liquid phase transition (at 451 K based on DSC) was not observed, presumably due to a thermal decomposition under the measurement conditions. (e) Schematic illustration of antiferroelectrically arranged bowl-stacked 1D columns of the sumanene core. 
